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ABSTRACT 


A litter box designed to be used in litter decomposition and habitat struc- 
ture experiments is described. The litter box allows litter to vary in shape 
during decomposition or permits modification of leaf shape prior to place- 
ment in the field. Litter boxes, placed in hardwood forest litter for one 
month, contained significantly greater densities of arthropods than did na- 
tural litter, suggesting a potential litter box effect. The influence of leaf shape 
on populations of litter-inhabiting spiders is discussed. 
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INTRODUCTION 


,The development of the litter bag method (Crossley and Hoglund 1962) 
was an important contribution to studies of litter decomposition and asso- 
ciated succession of litter fauna. Numerous studies have employed this tech- 
nique to measure rates of litter decomposition (e.g.,Heath et al. 1966, Ander- 
son 1973a, 1973b, 1975, Norton and Dindal 1976). However, two problems 
have arisen from use of litter bags. First, litter bag fauna are often quite 
different from fauna in natural litter in terms of both species composition 
and numerical abundance. This difference is known as the litter bag effect. 
The litter bag effect has been attributed to a more stable micro-climate within 
a bag due to the boundary air-layer control principle (Robinson 1979) and to 
exclusion of predators which are larger than bag mesh size. 

Secondly, litter bags are generally constructed to lie flat on the soil surface 
with a minimum of three-dimensional structure. However, the spatial hetero- 
geneity of leaf litter in the three-dimensional aspect is important in decom- 
position (Edwards er al. 1970, Anderson 1975) and for litter fauna species 
composition (Uetz 1975, 1979, Anderson 1978, Stanton 1979). For example, 
leaves have been classified according to their physical characteristics (Heat- 
wole 1961). Curled or bent leaves have greater interstitial space than do flat 
leaves. Litter habitat space increases when the proportion of curled or bent 
leaves increases or when the proportion of flat leaves decreases (Uetz 1974, 
Bell and Sipp 1975). 

We have designed a litter box method which allows litter to vary in shape 
during decomposition or permits modification of leaf shape prior to place- 
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ment in the field. As with litter bags, arthropods invade the boxes readily and 
can be extracted in Tullgren funnels. Finally, sampling at regular intervals will 
permit analysis of litter decomposition rates. 


METHODS 


The details for construction of a litter box are presented in Figure l. 
Boxes are constructed of metal hardware cloth (6.35 mm openings); a five- 
sided enclosure is attached to a sheet of hardware cloth to complete each 
box. The size and shape of a litter box can vary, but we have used small boxes 
(10 cm x 10 cm x 2 cm) to facilitate replication and to increase funnel 
extraction efficiency. Further, hardware cloth with larger openings may be 
used to permit entry of all macroinvertebrates, although more fragmented 
litter may be lost through these openings during decomposition. 

A large quantity of freshly-fallen Acer saccharum L. leaves were collected, 
wetted in distilled water, and either pressed flat in a plant press or rolled into 
a tube. Into each of six litter boxes, 10 flat leaves were placed, while 10 rolled 
leaves were put in each of six other boxes. All twelve litter boxes were placed 
in a mixed hardwood site at the Lafayette Experimental Station, Syracuse, 
New York, on October 1, 1979. 
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Fig. 1. — Construction details of a litter box. Both the five-sided enclosure 
(A) and the flat sheet (B) are made of 0.25 inch (6.36 mm) metal 
hardware cloth. The flat sheet may be attached to the enclosure with 
fishing line or wire and the completed assembly (including litter) is 
positioned on soil using wooden stakes or nails. Note that larger box 
dimensions and/or larger mesh openings are possible. 
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Six boxes, three of each litter form, were removed on November 1, 1979, 
while the remaining boxes were collected on December 1, 1979. One sample 
of natural litter (1 dm?) was removed from a site adjacent to each litter box 
on the appropriate date. Arthropods in boxes and in natural litter samples 
were extracted in steep-sided Tullgren funnels. Densities of major arthropod 
taxa were analyzed for the November samples whereas only the abundance of 
immature spiders (/noplognatha ovata [Clerck] : Theridiidac) were evaluated 
for the December samples. 


RESULTS AND DISCUSSION 


Results of litter arthropods extracted from litter boxes and natural litter 
samples collected in November are presented in Table 1. Total mean densities 
of arthropods extracted from boxes containing flat leaves did not differ signi- 
ficantly from densities in boxes containing rolled leaves (t = 0.937; df = 4, p 
> 0.05). Thus, results for arthropod abundance in litter boxes were pooled 
and compared to results for natural litter samples. 

Pooled arthropod densities were significantly greater than those in natural 
litter for the November samples (t = 6.596, df = 10, p < 0.001), suggesting 
that a litter box effect was present. Further, significantly greater numbers of 
Collembola (t = 3.471, df = 10, p <0.01) and Araneae (t = 3.357, df= 10, p 
<0.01) were found in litter boxes (Table 1). 

The possible litter box effect demonstrated by these results may be attri- 
buted to several differences between conditions in the boxes and those in 
natural litter. First, since litter in the boxes was wetted for flattening or 
rolling, microbial populations may have been activated, causing subsequent 
increases in certain arthropod taxa (e.g., Collembola). A number of re- 


Table 1. Densities of major arthropod taxa in litter boxes and natural litter 


samples ( X+ S.E.). 
LITTER BOXES NATURAL LITTER 
TAXA e F a Ee Te Ph > ee ee 
Round Leaves Flat Leaves 
(n = 3) (n = 3) (n= 6) 
ARACHNIDA 
Araneae 2.67 + 1.45 5.00 + 1.53 0.17 + 0.17 
Acarina 1.33 + 1.33 2.00 + 1.53 2.67 + 1.89 
INSECTA 
Collembola 53.33412.25 35.33+ 13.86 8.67 + 4.57 
Psocoptera 0.00+ 0.00 0.33+ 0.88 1.33 + 0.42 
Coleoptera 0.00+ 0.00 1.334 0.88 0.50 + 0.22 
TOTALS 57.33+14.11 44.004 10.21 
50.67+ 8.34 13.33 + 5.90** 


**p < 0.001. 
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searchers have shown that microbial activity within air-dried soils is greater 
after rewetting than it was prior to drying (Lebedjantev 1924, Stevenson 
1957, Birch 1958, Stotzky et al. 1962). Secondly, significantly greater arthro- 
pod densities in litter boxes may have resulted from exclusion of large-bodied 
predators. 

Since modifications of litter conditions (both structure and micro-climate) 
are required for all litter decomposition studies employing bags or boxes, it is 
likely that results on arthropod communities obtained from these techniques 
will consistently differ from arthropod community data from natural litter. 
However, this does not diminish the utility of our method for analysis of 
litter habitat structure. 

For example, densities of immature theridiid spiders were greatest in rolled 
litter in both November and December (Table 2). Densities of these spiders in 
litter boxes containing flat leaves were significantly greater than comparable 
populations in natural litter (November: t = 3.177, df=7, p < 0.02; Decem- 
ber: t = 4.527, df = 7, p < 0.01). However, differences between E. ovata 
populations in litter boxes with rolled leaves and those in natural litter were 
more pronounced (November: t = 3.761, df = 7, p < 0.01; December: t = 
14.985, df= 7, p < 0.001). 

Litter shape strongly influences the structure of leaf litter spider communi- 
ties. For example, Uetz (1975, 1979) has demonstrated that differences in 
the spatial distribution of forest litter wandering spiders are associated with 
the amount of litter habitat space. Dominance by Lycosidae is greatest in 
compressed litter made up of flat leaves and decreases with increasingly deep 
litter, containing more bent and curled leaves. The importance of Clubi- 
onidae, Gnaphosidae, and Thomisidae increases as litter becomes deeper and 
more complex (Uetz 1979). Species in the latter two families used naturally 
rolled leaves for retreats (Kaston 1948). There are relatively few quantitative 
analyses of the use of curled leaves by web-building spiders (but see Waldorf 
1976), although several families (including Theridiidae) are known to build 
retreats in curled leaves within litter (Kaston 1948, Lubin 1978). Our data 
suggest that the scarcity of rolled leaves may be a limiting resource for popu- 
lations of immature E. ovata. 

The litter box will permit analysis of arthropod communities inhabiting 
litter of specific shape, particularly the large but poorly-understood com- 
munity of web-building litter-inhabiting spiders. More importantly, this tech- 


Table 2. — Densities of immature Enoplognatha ovata (Clerck) (Araneae: 
Theridiidae) in litter boxes and natural litter samples over two 
months (X+ S.E.). 


LITTER BOXES NATURAL LITTER 
MONTH = ea a 
Flat Leaves Round Leaves 
(n = 3) (n = 3) (n = 6) 
November 2.33 + 1.20 4.33 + 2.03 OITSGA 


December 4.00 + 1.53 10.00 + 1.15 OTT EOT 


**p < 0.02. 
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nique provides discrete. replicable samples which can be collected at any 
season. 


CONCLUSIONS 


l. This litter box is an effective method for measuring the effect of litter 
structure on arthropod communities. 

2. A litter box effect is suggested by our data; however, similar effects are 
likely in all experimental manipulations of litter enclosed in bags or boxes. 
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